Relatively little is known about the consequences of asthma for patients' work ability. In particular, the relationship between asthma and construction work has not been studied previously. The aim of this study was to determine how asthma affects construction workers' work ability and quality of life, and the most important conditions that cause respiratory symptoms in construction work. A questionnaire was sent to all construction workers examined in the pulmonary clinic of Tampere University Hospital between 1991 and 1995 who were diagnosed as having 'asthma bronchiale' (n = 104). In addition, 206 non-asthmatic construction workers were recruited from the register of the local trade union. Altogether, 73% of the asthmatic construction workers and 70% of the controls completed the questionnaire. Of the asthmatics, 48% were retired, whereas only 24% of the controls were receiving a pension. The asthmatics evaluated their work ability and general health as significantly worse than did the controls. The asthmatics had more limitations in their work and everyday life than the controls. Asthmatic construction workers had often changed work tasks and also occupation because of their illness. Building renovation, cleaning and insulation with mineral fibre materials were the most common causes of respiratory symptoms in the workplace, among both the asthmatics and the controls. Cold air, physical exercise and all types of dust and smoke caused the asthmatics to experience symptoms. It was concluded that asthma limits the work and everyday life of construction workers. Exposure to dusty, non-sensitizing agents is associated with asthmatic symptoms among construction workers.
Introduction
Many studies have shown that occupational asthma can result in serious health and socioeconomic consequences [1] [2] [3] [4] , but relatively little is known about how asthma caused by other factors affects the general health and work ability of patients. Blanc et al. [5] reported work disability for 36% of adult patients with asthma. Illness severity was strongly associated with work disability. Blanc [6] also compared the work ability of patients with occupational and other types of asthma, and found that occupational asthma causes more limitations. In a follow-up study of occupational asthma, unemployment and limitations in everyday activities were found to be serious problems [7] .
The risk for asthma among construction workers is generally not considered very high. In the USA, the occurrence of self-reported asthma among construction workers was lower than in a comparable general working population [8] . However, in a study from Singapore, the asthma risk for construction and renovation workers was increased (odds ratio 2.24) [9] . In Pirkanmaa, Finland, we have also found that the risk of asthma among construction workers is increased (unpublished data). Therefore, we decided to investigate the possible respiratory health hazards in construction work, in addition to the consequences of asthma for construction workers.
The purpose of this study was to evaluate the different consequences of asthma on the life and work ability of construction workers.
Subjects and methods
In April 1997, we sent a questionnaire to all construction workers (age 18-64 years) who had been patients in Tampere University Hospital and had been diagnosed as having 'asthma bronchiale' between 1991 and 1995 (n = 104). Asthma was diagnosed by the specialists of the hospital according to a standard clinical diagnostic procedure. The same questionnaire was also sent to 206 controls, who were members of the local trade union of construction workers in the region of Tampere University Hospital. The control group was selected from the records of the local trade union, and their age distribution and occupations corresponded to those of the asthmatics on the group level.
Seventy-six asthmatic construction workers (73%) and 145 (70%) of the controls returned the questionnaire. Table 1 presents the demographics, atopy and smoking habits of the construction workers with severe asthma, the construction workers with moderate or mild asthma and the controls. Both the asthmatics and the controls represented carpenters, masons, floorlayers, insulators, pipe fitters, painters, construction cleaners and general labourers. The mean age was higher in the asthma groups (57 years for construction workers with severe asthma, 51 years for construction workers with moderate or mild asthma and 45 years for controls). In the group of asthmatics, there were 36 retired workers (48%), whereas among the referents 34 (24%) were retired. The difference remained statistically significant even after adjustment for age (P < 0.009).
The asthmatic construction workers had worked twice as long as the controls in jobs outside the construction industry during the previous 5 years.
The questionnaire enquired about symptoms, diseases, quality of life, work and work ability. Questions on symptoms and diseases were taken from the Tuohilampi questionnaire, which had been constructed by a Finnish expert group for population studies of allergic respiratory, eye and skin diseases [10] . The workers were asked about previous occupations and present occupation. Information on job tasks was requested for the following 5 year periods: 1982-1986, 1987-1991 and 1992-1996 . Tasks in which the workers were exposed to agents irritating or sensitizing the airways were enquired about. We also asked how often the respondent had used personal respiratory protection. The respondents rated their health status on a scale from 1 (poor) to 5 (excellent), and their work ability was recorded on a scale from 0 (unable to work) to 10 (best work ability).
The lengths of all periods of sick leave during the preceding 12 months were requested. Atopy was evaluated by questions about allergic rhinitis and skin symptoms.
Smoking habits were taken into account by questions on the number of cigarettes smoked, the number of years during which the workers had smoked and the time of cessation. We also asked whether the respondents had a long-term disease that limited their work ability and, if so, what the disease was. One set of questions measured how much the disease had interfered with work and everyday life.
We also asked whether the workers had ever had wheezing or coughing, and in what kind of situations the symptoms emerged. If the respondents connected the symptoms with work, we asked what kind of work caused the symptoms. We also enquired whether the workers had ever had fevers or chills that were not due to some infectious disease, but instead had occurred in association with certain tasks, e.g. building demolition (an indication of alveolitis or organic dust toxic syndrome).
We asked the asthma patients about the kinds of situations in which the symptoms worsened, whether the disease had been accepted officially as occupational asthma and what caused it. To evaluate the severity of the *P < 0.05; **P < 0.01; ***P < 0.001 when compared with the control group. a The differences were not tested statistically.
asthma, we asked how many times during the preceding 12 months the respondents had needed oral corticosteroid therapy in addition to normal asthma medication. This group comprised 21 (28%) asthma patients and they were defined as suffering from severe asthma. The two-tailed t-test was used when the means of the asthmatic construction workers were compared with the means of the controls. The statistical significance of the difference in the proportions between the two groups was studied using the two-tailed significance test for the difference of the percentages. In addition to the normal analyses, age-standardized analyses were used when the asthmatics were compared with the controls.
Results
As shown in Table 2 , the asthma patients evaluated both their general health and their work ability as being significantly worse than did the controls. The asthmatics also had more limitations in work and everyday life than the controls (Table 3 ). The more severe the asthma, the more limitations there were. The statistical significance of the results did not disappear after the age standardization of the means and proportions.
Altogether, 72% of the asthmatics and also 16% of the controls had wheezing symptoms at work, and 57% of the asthmatics and 26% of the controls had coughing at work. The symptoms were mostly associated with building renovation, cleaning or insulation with mineral fibre material, among both the asthmatics and the controls. Asthmatic workers seemed to have more fevers or chills without any common infection in association with certain jobs or buildings (26% versus 10%; P < 0.01). The fever was generally associated with building renovation. The standardization in respect to age did not change the results.
Of the people who primarily renovated buildings, the proportion of asthmatics was similar to that of those who primarily built new houses (30% versus 23%; P < 0.35). Wheezing tended to be commoner among workers doing building renovation than among those building new houses (44% versus 31%; P < 0.11). The prevalence of coughing among the two groups did not differ significantly (58% versus 54%; P < 0.64).
The asthmatic workers used personal respiratory protection to the same extent as the non-asthmatic workers. About 20% had never used personal respiratory protection, whereas 33% did so occasionally and 25% always did so when needed.
The asthmatic workers had suffered from asthma for a b The respondents rated their work ability on a scale from 0 (unable to work) to 10 (best work ability). *P < 0.05; **P < 0.01; ***P < 0.001 when compared with the control group.
mean of 9 (range 1-43) years. Altogether, 68% of the asthmatics felt that their asthma symptoms were worse at work, whereas 21% had more symptoms at home. Winter time (cold air) increased the asthma symptoms in 68% of the patients. Other factors that caused more asthma symptoms were physical exercise (72%) and exposure to all kinds of dusts and smoke (67%) and occupational dusts (66%). Only 2 of 104 cases had been defined as occupational asthma. Chromium and the dust of cement were the cause in one case, and the other was caused by paints containing epoxides and amines.
Discussion
This study shows that asthma causes work disability among construction workers. The most serious consequence is withdrawal from work by retiring or changing career. It is possible that the physical demands or the work conditions in the construction trade are too much for some asthmatics, although they can manage well in another trade. In our study, 12% of the asthmatics had changed to another occupation because of their illness. In a study by Blanc et al. [5] , the corresponding figure was 20%. Unemployment was not more common among the asthmatics than among the controls. This finding indicates that asthmatics are not discriminated against in the labour market because of their disease. This finding agrees with the results of Blanc et al. [5] , who found that asthma did not cause unemployment. However, the workers with severe asthma were more unemployed than the group of asthmatics as a whole, but less unemployed than the controls. Their degree of unemployment may be related to their impaired work ability.
Asthma did not have an effect on the duration of sick leave. It is possible that today's effective asthma medication enables affected workers to continue in employment more easily than was the case in the past. The increased number of retired workers may reflect the long-term effects of asthma or defects in older forms of medication. The asthmatics also seemed to suffer from other medical problems to a greater extent than the controls. However, 25% of the asthmatic construction workers did not feel that their disease impaired their work ability at all. This finding indicates that some asthmatics can cope well in their working lives in the construction industry.
Altogether, 72% of the asthmatic construction workers felt that their symptoms worsened at work. Physical exercise was the most common factor that caused asthma symptoms. Work on construction sites is still today comprised mostly of physical labour. Cold weather during the winter often increased the workers' asthma symptoms. The mean temperature is below 0°C for 4 months of the year in southern Finland, and building houses in winter time is very common. Although much of the work is done inside the buildings during this time of year, there are many occasions on which the workers are exposed to cold and frost. The tasks that caused asthma symptoms were dusty, but did not contain any specific sensitizing agents. On the basis of this study, it is impossible to conclude whether some of the asthma symptoms were due to exposure to occupational air pollution or whether the dusts only aggravated pre-existing symptoms. Recent studies have shown that non-specific air pollution may increase the risk of bronchial asthma [11] .
The non-asthmatic construction workers also experienced respiratory symptoms that they associated with their work. The same irritating dusts caused symptoms among both non-asthmatic and asthmatic workers. The use of personal respiratory protection was irregular in both groups. In addition, 39% of the non-asthmatic group smoked, and therefore smoking may partly explain the high prevalence of airway symptoms in this group. Active smoking also increases the risk of asthma significantly [12] . It is possible that there are undiagnosed asthma cases among these controls who experienced respiratory symptoms.
In building renovation, workers are more exposed to dusts and fumes than in the construction of new buildings. However, the number of asthmatics was similar in both types of construction work. Respiratory symptoms were more common in the renovation group, but wheezing showed a statistically significant difference.
The occurrence of non-infectious fever in certain tasks or in relation to certain buildings may be symptomatic of alveolitis or organic dust toxic syndrome. Most workers had associated the fever with building renovation, in which mould can cause respiratory symptoms [13] . The evidence so far suggests that, for example, respiratory irritation and infections, allergic symptoms, bronchial asthma, alveolitis and organic dust toxic syndrome may result from exposure to moulds [14] . During the repair of mouldy buildings, construction workers are exposed to high concentrations of microorganisms that can cause health problems [15] .
In conclusion, asthma seems to limit both the work and everyday life of construction workers, and it is a marked cause of early retirement and change of occupation. More effective use of personal respiratory protection would probably reduce respiratory symptoms in renovation and dusty tasks, and help asthmatics to cope better in construction work.
